Recent developments in the use of residual deposits of persistent contact insecticides such as 2 : 2-bis (/>«rachlorophenyl)-l : 1 : 1-trichlorethane (DDT) and 1 : 2 : 3 : 4 : 5 : 6-hexachlorocycfohexane (666) to control insect pests and j parasites call for a method for evaluating and investigating the lasting properties of such deposits on a variety of surfaces under different conditions of weathering. The first consideration in this problem lies in the accurate control of the weight and distribution of the deposit to be tested. Barnes (1945 Barnes ( & 1945a , working with Cimex Jectularius, exposed the insects to deposits of various insecticides laid on the surface of blocks (2 in. x 2\ in.) of some of the materials used in the construction of buildings. To obtain an even deposit of known weight she sprayed the blocks with solutions of the insecticides in a " Potter Tower " (Potter, 1941) . This method, however, is unsuitable for testing insecticidal deposits against flying insects such as house-flies and mosquitos chiefly owing to the comparatively small area which can be treated with Potter's apparatus. In this paper a spraying tower is described in which panels up to 20 cm. square can be treated evenly with a known weight of insecticide. These panels can then be built up to form a chamber in which the residual effect of insecticidal deposits can be studied on a variety of test insects. The physical performance of the spraying tower has been investigated both with respect to petroleum distillate and to water sprays. The behaviour of these spray mists under different conditions of spraying supports many of the conclusions reached by David (1946) .
The spraying tower (see PL 1, fig. 1 ; text figs. 1 & 2) consists of a 3 ft. length'of asbestos-cement pipe, 11 \ in. internal diameter, firmly fixed to a stout wooden base and surmounted by a wooden box approximately 1 ft. 6 in. cube internal measurements. On one side, the lower edge of the pipe is cut away to a height of 1 in. to allow a sliding wooden tray to be inserted. This tray carries the object to be sprayed and when in position should completely seal the slit-like aperture formed by the cut-away portion of the pipe. In practice it has been found difficult to obtain a perfectly air-tight seal although a close approximation to this ideal condition has been reached by lining the contacting surfaces between the pipe and the tray with strips of plasticine. On one side of the upper chamber there is a glass observation window. Beneath this window, extending almost the entire width of the chamber, there is a horizontal slit through which a sliding panel can be inserted. 
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The panel runs in grooves in the floor of the upper chamber, completely separating it from the lower cylindrical portion of the tower. The upper chamber is fitted with a lid in the centre of which is an aperture 7 in. in diameter. This aperture is covered by a movable panel 8 in. square in the centre of which is a second aperture 1 in. in diameter. Immediately above this second aperture is the atomiser mounted on an adjustable arm. The atomiser used is an Aerostyle pneumatic spray gun, type "AD", fitted with a W/concentric head and a 0-5 mm. fluid tip. The compressed air is supplied by a J h.p. compressor and passes through an air-line comprising two reducing valves, a sintered glass filter, a compressed air bottle and a piston-type master valve. Pressure gauges are fitted on the compressor, each reducing valve and the compressed air bottle. With this equipment the air flow is adequately stabilised and can be controlled up to pressures of 25 Ib./sq. in. A lower limit of pressure is set by the gun itself, the spring-loaded needle-valve of which fails to open at pressures below 20 lb./sq. in.
Adjustment of the Atomiser.
The atomiser is adjusted to spray a given volume of liquid as rapidly as possible, firstly by unscrewing the nut controlling the needle-valve to allow the valve to open to the fullest extent, and secondly by altering the position of the air nozzle in relation to the fluid tip until atomisation is completed in the minimum time. When this position has been found the air nozzle is secured-with a lock-nut. The air supply is then regulated to the desired pressure by means of the two reducing valves.
A sheet of paper is pasted on to the sliding panel separating the upper chamber from the lower portion of the tower and marked with diagonal lines so placed that, when the panel is pushed in, the point of intersection of the lines lies on the axis of the tower. The square panel covering the hole in the lid of the upper chamber is now replaced by a piece of card from which is suspended a plumb-bob. This is adjusted until the plumb-bob hangs directly over the point of intersection of the diagonals marked on the paper. The atomiser is centred with respect to the tower when it is vertically above the point of origin of the plumb-line. The card with plumb-bob is replaced by the panel with the 1 in. circular hole immediately beneath the atomiser. A small quantity of dye solution is sprayed on to the marked sheet of paper and the distribution of the deposit noted. If this deviates from the centre of the paper, correction is made by small adjustments in the position of the atomiser. When the atomiser has been centred the sliding panel is removed and the slit through which it is inserted is covered by a strip of adhesive tape.
Spraying Procedure.
Before spraying, the temperature of the room is controlled at 20°C. (approx.) and the air pressure, with the atomiser.spraying, is adjusted to 25 lb./sq. in. A priming dose of 5 cc. of the insecticidal solution to be used is sprayed to wet the fluid duct of the atomiser. Where the insecticide is in a petroleum distillate base, this single priming dose is also sufficient to raise the petroleum distillate vapour content of the atmosphere of the tower so near to saturation point that evaporation of spray droplets during subsequent sprayings is negligible. With water base preparations, however, it is necessary to spray at least five priming doses of 5 cc. each before the humidity of the atmosphere of the tower is raised to the point where this condition obtains. Ten minutes after the last priming dose has been discharged, the sliding tray, with the object to be sprayed upon it, is inserted into the base of the tower and sprayed with 5 cc. of liquid, the valve controlling the air supply being closed immediately all the liquid has been delivered. The time taken to spray through is noted and should not vary more than a few tenths of a second from one spraying to the next. Five minutes after spraying the tray is removed, the sprayed object replaced by the next and the atomiser re-charged. After a further five minutes, i.e. ten minutes after spraying, the tray is inserted in the tower and the next spraying is carried out. It is important for replication of deposits throughout a series of similar tests that this rhythm of spraying should be accurately maintained.
Where it is required to deposit different weights of an insecticide on to a surface, this may be done by varying either the concentration of the insecticide in the liquid to be sprayed or the rate of delivery of the atomiser by adjustment of the needlevalve.
Determination of Weight of Deposit
The estimation of deposits by weighing is a lengthy process and, in view of the small quantities involved, is of doubtful accuracy. Potter (1941) calculated the weights of deposits of insecticide from the total weight of spray collected, but David (1946) has shown conclusively that, owing to evaporation of spray droplets during their passage from the atomiser to the surface on which they are deposited, the concentration of insecticide in the liquid at that surface may in fact be considerably greater than the original concentration before spraying. The total weight of spray deposited, therefore, may bear little relationship to the weight of insecticide which can only be determined accurately by a direct method of estimation. For this purpose Potter and Hocking (1939) and later David (1946 David ( & 1946a incorporated dyes in the sprays they used and estimated the quantity of dye collected in a filter or on a surface by comparison with standard solutions of known dye content. The method suggested here is a refinement of the colorimetric method in so far as the personal element in making the comparisons between dye solutions of different strengths is eliminated by use of the Spekker Photo-electric Absorptiometer. Details of this instrument are given by Haywood and Wood (1944) .
The physical performance of the spraying tower in so far as it affects the weights of deposit obtained under different conditions has been examined with respect to two solutions, firstly a 1 per cent. W/V solution of " Oil Golden Yellow 13777 "* in petroleum distillate, and secondly a 1 per cent. W/V solution of " Orange 60506 "* in distilled water. In each spraying test estimations are made of the weight of dye deposited on nine circles 4 cm. in diameter disposed about a 20 cm. square as shown in fig. 3 . This is achieved in the following manner. Two stout aluminium plates each 20 cm. square are used; the first, which is entire, serves as a base-plate and the second, which is drilled with nine holes 4 cm. in diameter, is a test-plate. One of the holes is central and the remainder are arranged about it in two sets of four on circles of radius 5 cm. and 10 cm. respectively. The base-plate is placed on the sliding tray in such a position that when the tray is inserted into the tower the centre of the plate coincides with the axis of the tower. The base-plate is covered with a sheet of semi-absorbent paper on which the positions of the holes in the testplate have been marked. Nine circles of No. 1 Whatman filter paper 5-5 cm. in diameter are placed in these positions and numbered from 1-9. The test-plate is then placed over the filter papers so that on each paper there is exposed a circular area 4 cm. in diameter. The tray and test-papers are then inserted into the tower and sprayed in the manner described in the previous section. On removal from the tower five minutes after spraying the test-plate is cleaned with an absorbent rag and the papers each bearing a circular area of dye deposit are placed into boiling tubes containing 50 cc. of either petroleum distillate or distilled water according to the liquid sprayed. The tubes are then corked and the papers left in the solvent until all the dye is in solution. Fresh papers are laid out on the base-plate and covered with the test-plate in readiness for the next spraying. The time of ten minutes between sprayings, i.e. five minutes between removal of one batch of sprayed test papers and the insertion of the next batch, was chosen as the minimum time in which one operator could comfortably perform these tasks. The distribution and replication of the deposits of dye obtained with the spraying tower were tested for both the petroleum distillate and the aqueous dye solutions in series of tests carried out at 20°C. and 25 lb./sq. in. spraying pressure and repeated from day to day. Throughout these series of tests, the mean weight of dye deposited in each series was maintained within narrow limits. The Standard Deviation of the mean weight of deposit per test-paper for both spray liquids, both from one test to use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0007485300024135
another and between different positions on the area sprayed in any one test, fell between ±0-8 per cent, and ±3-0 per cent, of the mean. There was, however, in both petroleum distillate and aqueous series a tendency for the deposits to be heavier in positions 7, 8 and 9 than in positions 1, 2 and 3. This was thought to be due to a slight leakage of air at the point of insertion of the tray causing a drift of spray droplets towards positions 7, 8 and 9. No doubt with an improved fitting of the tray these differences could be eliminated entirely. The series of tests given in Tables I and II and fig. 4 indicate the number of priming doses of liquid which must be sprayed into the tower before replication of deposit can be obtained from either petroleum distillate or aqueous sprays. Whereas with a petroleum distillate dye solution replication of deposit was obtained after the initial priming dose used to wet the fluid duct of the atomiser had been sprayed (see Table I and fig. 4) , with an aqueous dye solution the weight of deposit steadily increased with consecutive sprayings until the fifth test and then remained at a constant level (see Table II and fig. 4 ). It is necessary, therefore, to charge the atmosphere of the tower with five priming doses of 5 cc. each of an aqueous spray before replication of deposit can be obtained. This is undoubtedly due to the degree of saturation of the atmosphere within the tower with vapour of the liquid sprayed and its effect on the rate of evaporation of the spray droplets. At each successive spraying, the droplets will partially evaporate and increase the degree of saturation of the atmosphere of the tower with vapour. If the tray at the base of the tower were not withdrawn between sprayings, evaporation of droplets would become less and less at each spraying and finally cease when the vapour pressure within the tower reached saturation point. Thus as the rate of evaporation declined, there would be a corresponding increase in the weight of deposit obtained at each spraying test, reaching and being maintained at a maximum weight when the atmosphere of the tower became saturated with vapour. The removal of the tray for five minutes between successive sprayings would lead to the replacement of some of the saturated air within the tower by unsaturated air from without and thus a fall in the vapour pressure within the tower would occur. In a series of sprayings a close replication of deposit from one spraying to the next would not obtain until an equilibrium was set up between the increase in vapour pressure within the tower due to spraying and the reduction due to the removal of the tray. At this point of equilibrium, which would vary according to the period for which the tray is withdrawn, there should be a constant vapour pressure within the tower at the time of spraying. The estimations of weight of deposits are, however, made on the nonvolatile constituent of the spray so that evaporation of the spray droplet is of no importance provided that the droplet remains heavy enough to settle within the five minutes after spraying for which the test-papers are exposed. Only droplets which have evaporated beyond this point or have evaporated completely and leave a residue of dye too light to settle will affect the weight of deposit. A standard mist, therefore, exposed to a definite vapour pressure within the tower for a given time should produce a standard weight of deposit. The only way of ensuring that at the commencement of each spraying the percentage saturation of vapour is always the same is to adopt a standard rhythm of spraying and to spray as many priming charges of liquid as are necessary to bring the rise and fall of the vapour content of the atmosphere of the tower into equilibrium with the spraying rhythm.
With petroleum distillate sprays this equilibrium seems to be reached with one priming dose but with aqueous sprays five priming doses are necessary. It is probable too, that with aqueous sprays the humidity of the atmosphere of the room will affect both the number of priming doses required and the percentage saturation of water vapour within the tower at which equilibrium is established, but as the humidity within the tower during spraying tests must approach near to saturation it is unlikely that small variations of humidity in the external air would make much difference to the weight of deposit, particularly if that humidity is low. Unfortunately in the present series of tests the humidity of the room in which the spraying tests were carried out was uncontrolled, although no discrepancies in the results appear to have arisen through neglect of this factor. It would be preferable, however, to control humidity where possible, particularly when aqueous sprays are used. It is probable, that a rise in temperature affects petroleum distillate sprays by altering the character or droplet size of the mist. This could occur in two ways, firstly by a reduction in viscosity and secondly by a reduction in surface tension. Either or both of these factors might cause an increase in the degree of atomisation with a rise in temperature, but, as they are also operative in the case of water sprays, perhaps some difference in the change of physical properties of the liquids with rise in temperature should be sought which is proportionately greater in petroleum distillate than in water. The viscosity in both liquids is reduced, but to approximately the same proportion, but surface tension is reduced to a proportionately greater extent in petroleum distillate than in water. This change in surface tension, therefore, may be responsible for a greater reduction of droplet size with rise of temperature when petroleum distillate is sprayed than obtains with water. Even use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0007485300024135 if this is not so the smaller size of petroleum distillate droplets as compared with water droplets when the liquids are sprayed under similar conditions may mean that the droplet size in the former case is near some critical point, so that any further reduction in droplet size has an effect on their behaviour out of all proportion to that which would attend a similar reduction in size of the relatively coarse water droplets. The difference in size of droplets from petroleum distillate and water sprays may be directly attributed to the much lower surface tension of petroleum distillate as compared with water. Under the conditions of spraying adopted here, petroleum distillate droplets are still in suspension in the atmosphere of the tower five minutes after spraying, whereas with water this is not so to any marked extent, a fact which probably accounts for the lower weight of deposit obtained with petroleum distillate sprays at 20°C. than with water (see Tables I and II ). An equal reduction in droplet size of both mists would result in a still higher proportion of the petroleum distillate droplets remaining in suspension in the atmosphere five minutes after spraying and a consequent reduction in weight of deposit, whereas the water droplets, although reduced in size, may still be deposited entirely within the first five minutes after spraying and thus no reduction in weight of deposit would follow.
Spraying pressure.
A further factor influencing droplet size in a spray mist and hence the weight of deposit obtained is the spraying pressure at which the liquid is atomised. A change in spraying pressure will mean an alteration in the amount of energy utilised during spraying and consequently in the degree of atomisation achieved. The greater the amount of energy used in breaking up the liquid into droplets the smaller the droplets obtained. To demonstrate this effect tests were made with both the petroleum distillate and the aqueous dye solutions at 20°C. and 22-5 and 20 lb./sq. in. spraying pressure for comparison with those carried out at 20°C. and 25 lb./sq. in. The results obtained are given in Tables V-VIII. It was found that, with the petroleum distillate dye solution the weight of deposit decreased with the spraying pressure (see Tables I, V and VI) . With the aqueous spray, however, this result was not obtained: weights of deposit at a spraying pressure of 22-5 lb./sq. in. were not significantly different from those at 25 lb./sq. in., while at 20 lb./sq. in. the weight of deposit increased slightly (see Tables II, VII and VIII) . These results are partly explained by a consideration of the different amounts of energy involved in the atomisation of the two liquids at different spraying pressures (see Table IX and fig. 5 ). The energy utilised in spraying, however, is not proportional to the spraying pressure, for as this pressure is reduced the time taken to spray through is increased to a varying amount according to the liquid sprayed. A figure proportional to the amount of energy used is given by the product of the spraying pressure and the time taken to spray the liquid. Thus it is seen from Table IX that, where petroleum distillate is sprayed, as the spraying pressure is reduced the amount of energy utilised is in fact increased owing to the greater time taken to spray through at the lower pressures. Moreover, the weight of deposit obtained from the petroleum distillate dye solution varied inversely with the energy expended during atomisation (see fig. 5 ). This can only mean that the weight of deposit in this instance varies directly with the droplet size of the mist and thus any factor affecting droplet size will also affect weight of deposit. It is, therefore, necessary to exercise a close control over all aspects of the spraying procedure where petroleum distillate is sprayed. It is seen from Table IX that, when the aqueous dye solution was sprayed, the quantity of energy involved at spraying pressures of 25 and 22-5 Ib./sq. in. was substantially the same and at 20 Ib./sq. in. only slightly greater. This would account for the lack of variation in the weights of deposit at the two higher spraying pressures although not for the slight rise in weight of deposit obtained at 20 Ib./sq. in. It has already been suggested in the section on the effect of varying temperature that, as far as the petroleum distillate spray is concerned, a reduction in droplet size results in a reduction in weight of deposit merely because a greater proportion of the mist fails to settle in the time for which the test-papers are exposed in the tower, whereas with the aqueous spray it is probable that the droplets could suffer a reduction in size and still be large enough to settle within five minutes after spraying. This explanation would cover the fact that no reduction in weight of deposit was obtained with the aqueous spray at 20 Ib./sq. in. spraying pressure : the slight increase in weight observed in this test may have been due to an increased turbulence caused by the longer spraying time.
The replication and distribution of the deposits obtained from petroleum distillate dye solution at 22-5 and 20 Ib./sq. in. spraying pressure, as shown by the Standard Deviation of the mean weights at different positions and for different tests, respectively (see Tables V and VI) , were less accurate than those obtained at 25 Ib./sq. in. spraying pressure (see Table I ) : a similar decrease in accuracy was observed when the weight of deposit was reduced by spraying at a higher temperature (see Table  III ). The distribution and replication of deposit from the aqueous spray at 22-5 and 20 Ib./sq. in. spraying pressure was of the same order as that obtained at 25 Ib./sq. in. (see Tables II, VII and VIII) .
It is concluded that with aqueous sprays at 20°C, differences of spraying pressure of the order tested have little effect on the weight of deposit or its distribution, except possibly at 20 Ib./sq. in., the minimum pressure at which the apparatus will operate, when slightly heavier deposits were obtained. With petroleum distillate sprays, however, reduction in spraying pressure from the maximum (25 Ib./sq. in.) decreased the weight of deposit and impaired the equality of distribution and accuracy of replication. <
Time of exposure to mist.
The time of exposure of the test-papers to the mist was arbitrarily fixed at five minutes after spraying. It seemed from the previous experiments that, whereas the aqueous spray delivered at 25 Ib./sq. in. spraying pressure and at 20°C. produced a mist which had settled completely within that time, the petroleum distillate spray under similar conditions produced a mist part of which was still in suspension in the atmosphere of the tower after the five minutes had elapsed. It was thought desirable, therefore, to measure the increase in weight of deposit obtained when the test-papers were exposed to mists of the petroleum distillate and aqueous sprays for different periods of time. A series of tests was carried out with the two dye Tables X and XI and are shown graphically in fig. 6 .
It is seen that with the petroleum distillate spray, from a low initial weight obtained when the test-papers are removed immediately after spraying, the weight of deposit rises gradually as the time of exposure increases and is still rising, although, slowly, after 6 minutes' exposure. With the aqueous spray, the initial deposit is heavier than that obtained with the petroleum distillate spray and increases in weight with time of exposure far more rapidly until four minutes after spraying when there is no further increase in weight. It is clear, therefore, that", with an aqueousspray, five minutes' exposure of test-papers after spraying is sufficient to ensure that a maximum deposit is obtained. With a petroleum distillate spray in this time the great majority of the droplets have settled. It seems that five minutes' exposure, although chosen arbitrarily, is a suitable time for both types of spray. Furthermore, these results show that, as surmised in the previous section, there is a margin with the aqueous spray for a reduction in the droplet size of the mist without loss in weight of deposit as the entire mist settles in four minutes and, until the droplets are sa reduced that they do not settle in five minutes, no difference in weight of deposit will be observed. Mists produced from petroleum distillate sprays, however, take more than five minutes to settle and thus any alteration in droplet size, will mean that more or less of the mist will be deposited in five minutes and that the weight of deposit will be sensitive to any factor tending to influence droplet size.
Unfortunately the stock of petroleum distillate used in the previous tests had become exhausted and no sample remained on which estimations of its physical characters could be made. The petroleum distillate used in this and subsequent tests evidently differed slightly from that previously used and gave weights of deposit lower than those already obtained when sprayed under similar conditions: the physical characteristics of this second sample were as follows :-Sp. Gr.=0-786 at 20°C. Flash P o i n t = l H°F . Distillation Range. °C . 170, 180, 190, 200, 220, 240, 260. Percent, vol. distilled 5, 24, 44, 56, 76, 90, 98 .
Volume of liquid sprayed.
Although it is obvious that the weight of deposit obtained from any spray will depend on the volume of liquid sprayed it is not known whether there is a direct relationship between the volume of liquid and the weight of deposit. Should such a relationship exist then an alteration of the volume of liquid sprayed would be a convenient method of controlling the weight of the deposit. To determine the weights of deposit given by different volumes of liquid a series of spraying tests was carried out with the petroleum distillate and aqueous dye solutions in which 1-8 cc. was sprayed at 20°C. and 25 lb./sq. in. spraying pressure. The results of these tests are given in Tables XII and XIII and in fig. 7 . With both the petroleum distillate and the aqueous sprays neither the weights of deposit nor the spraying times were proportional to the volume of liquid sprayed. There was, however, a direct relationship between the weights of deposit and the energy (spraying pressure x spraying time) expended during spraying (or spraying time alone as spraying pressure was constant throughout the series). In fig. 7 the weights of deposit given by 1-8 cc. of dye solution are plotted against the energy expended during spraying. The graphs obtained follow a straight line for the points representing 1-4 cc. of liquid and then abruptly change direction for the points for 5-8 cc. indicating that at a point between 4 and 5 cc. the increment in weight of deposit is decreased by a constant amount. It is suggested that this is due to a partial displacement of spray-Jaden air through the aperture at the top of the tower by the air stream from the atomiser. It presumably requires the spray from between 4 and 5 cc. of liquid to fill the tower and it is not until this is accomplished that spray droplets are lost by displacement.
The results obtained with the aqueous spray were essentially similar to those with petroleum distillate except that heavier deposits were obtained throughout. The graphs for values up to 4 cc. of both sprays are parallel but for values above 4 cc. they diverge slightly. It is evident, therefore, that the amount of spray lost, presumably by displacement, is greater in the case of the petroleum distillate spray than the aqueous spray, a point readily understood in the light of the greater persistence of petroleum distillate mists. The fact that the graphs for the lower values are parallel shows that the increment in weight of deposit with increasing volume sprayed is the same for both liquids. The heavier total deposit obtained with the aqueous spray, however, is due to either a smaller volume required to raise the vapour pressure within the tower to saturation point or the fact that partial evaporation of water droplets does not prevent their settling within 5 minutes after spraying to the same degree as obtains with the smaller petroleum distillate droplets. This is shown by the weights of deposit obtained when 1 cc. of each liquid is sprayed; 1 cc. of petroleum distillate dye solution gives a deposit of 0-01 mg. of dye per test-paper, whereas 1 cc. of aqueous dye solution gives a deposit of 0-072 mg.
The irregularity in the times taken to spray through the different volumes of liquids was due to the gravity feed which was used on the atomiser. An important contributory factor to the rate of spraying is the height of the " head of liquid " standing in the reservoir. Owing to the shape of the reservoir and its duct (see fig. 1 ), the " head of liquid " is not proportional to the volume to be sprayed. Although this type of reservoir is adequate where the volume of liquid is kept constant, where it is desirable to vary the volume the gravity feed should be replaced by a suction feed. When this improvement has been made there would seem to be no reason why the weight of deposit should not be controlled by the volume of liquid sprayed.
Restriction of flow of liquid.
The previous experiments have indicated that when a liquid is sprayed at a constant temperature the droplet size of the mist tends to be proportional to the energy expended during spraying and that, within limits which have already been defined, the weight of deposit is a function of the droplet size of the mist. Thus a restriction in the rate of flow of the liquid into the atomiser, by increasing the time taken to spray through, should result in a greater expenditure of energy during spraying and a reduction in the weight of deposit obtained. To demonstrate this, 5 cc. of petroleum distillate and aqueous dye solutions were sprayed at 20°C. and 25 lb./sq. in. spraying pressure at nine consecutive positions of the needle-valve controlling the rate of delivery of the liquid from fully open to almost closed. Tables  XIV and XV give the times taken to spray the liquids at each position of the needle valve and the mean weights of dye deposited per test-paper. These results are illustrated graphically in fig. 8 . (see Table XV and fig. 8 ). At the maximum spraying time possible with the apparatus, i.e. when the needle-valve was almost closed, the weight of deposit, unlike that from the petroleum distillate spray, was still falling in relation to the energy expended. These results may be interpreted in the light of the conclusions drawn from the earlier experiments. The effect of increasing the spraying time is to increase the amount of energy available for atomising the 5 cc. of liquid and thus to break the liquid into finer and finer droplets. The smaller the size of the droplets the longer they take to settle in the tower and, if they do not settle completely within five minutes of spraying, the greater the number still left in suspension when the test-papers are removed and the smaller the weight of deposit collected on the test-papers. It has been shown, with petroleum distillate dye solution sprayed at 20°C. and 25 lb./sq. in. with the needle-valve fully open, that not all the droplets settle within 5 minutes of spraying ; thus the reduction in droplet size due to increased spraying time causes an immediate fall in weight of deposit. With the aqueous dye solution sprayed at 20°C. and 25 lb./sq. in. with the valve open the droplets settle completely in four minutes and can be reduced in size until they settle in five minutes before a corresponding fall in weight of deposit ensues ; hence there is no reduction in weight of deposit from the aqueous spray until spraying time is increased above 16 seconds. The relatively slow decrease in weight of deposit from the aqueous spray at spraying times above 16 seconds, as compared with the rapid decrease obtained with the petroleum distillate spray, presumably indicates that the energy expended in producing droplets of a given size was greater in the case of the former. The ratio between the quantities of energy involved in both instances may be estimated by continuing the graphs (see fig. 8 , broken line) representing the fall in weight of deposit with energy expended for the two sprays until they cut the abscissa. The ratio between the distances of these two points of intersection from the origin is 0-42 and represents the ratio between the quantities of energy required to atomise the petroleum distillate and the aqueous dye solutions to the same degree. This ratio is evidently determined by the surface tension of the liquids. The surface tension at 20°C. of the petroleum distillate dye solution was between 25 and 25-5 dynes/cm, while that of the aqueous dye solution was 60' dynes/cm, giving a ratio of 0-42. The sharp change in direction of the line of the graph for the petroleum distillate spray at 30 seconds spraying time (see fig. 8 ) would seem to indicate that a point is reached when an increase in the amount of energy available for atomisation produces no further reduction in droplet size under these conditions of spraying : the slight decrease in weight of deposit at spraying times in excess of 30 seconds is attributable to displacement of mist from the tower by the air-stream from the atomiser. This limitation of droplet size, too, may be a function of the surface tension of the liquid. It is of interest that a point where the water spray behaved in a similar manner was not reached ; thus it is not known whether the limit for size of water droplets, if it exists, coincides with that of the petroleum distillate droplets.
Thus, over a certain range, the droplet size of the mist governs the weight of deposit obtained with both petroleum distillate and aqueous dye solutions. Outside this range, i.e. where droplets are either too large to remain in suspension for five minutes or have reached a limit of subdivision, the weight of deposit is unaffected by factors tending to produce small variations in droplet size. It seems desirable, therefore, where close replication of deposits is essential, to adjust the spraying time and pressure to produce mists with droplets ranging within one or the other of these limits of size. In the foregoing experiments the aqueous dye solution sprayed at 25 lb./sq. in. and delivering 5 cc. of liquid in under 16 seconds produced a mist within the upper range of droplet size and thus the deposits obtained were insensitive to small changes in spraying pressure, spraying time, temperature or time of exposure of the test-papers to the mist. The petroleum distillate dye solution sprayed under similar conditions produced a mist within the range of droplet size (360) . B2 use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0007485300024135
governing weight of deposit and thus the deposits were sensitive to any factor tending to alter droplet size. This disadvantage can be eliminated by increasing the spraying time until the droplet size is at a minimum when small variations in pressure and spraying time will leave both the droplet size and the weight of deposit unaffected. With any liquid to be sprayed, given its surface tension, it should be possible to decide whether it is preferable to spray coarse or fine droplets to obtain the most efficient replication of deposits.
Construction of the Testing Chamber.
The spraying tower which has been described was designed to coat panels 20 cm. square with an even deposit of insecticidal material of known weight. These panels can then be built up into a cubical testing chamber into which insects such as houseflies, mosquitos, cockroaches or bedbugs can be introduced and observed at stated intervals. The panels used with this apparatus were made of aluminium sheet i&in. thick. Each set of six panels forming the sides of the chamber comprises four 20 cm. square and two 20 cm. x 23-5 cm. with two corners cut away (see fig. 9 , B) to form a tongue. The panels slide into grooves in a wooden crate the construction of which is shown in fig. 9 and PI. I, figs. 2 & 3. The base of the crate is a square piece of board in the centre of which is a circular hole through which the insects are introduced into the chamber. Arising from the corners of the base are four pieces of wood 20 cm. high, square in section and bearing grooves on their two inner faces into which slide the square panels. These panels form the walls of the chamber. The corner pieces are capped by a lid, in the top of which is a sheet of celluloid. One of the tongued panels slides in grooves immediately above the base and forms the floor of the chamber, while the other passes through a slot in the lid and, resting upon the tops of the vertical panels, forms the ceiling of the chamber. When in position, the outer surface of the upper sliding panel is in contact with the celluloid window of the lid. The lower edge of the slot in the lid is slightly curved downwards and the vertical panel beneath this slot, by resting in a shallow groove in the base, is set slightly lower than its fellows to give clearance for the sliding panel so that the insecticidal deposit on its surface is not disturbed when the panel is pushed in or drawn out. The tongues project from the side of the crate and provide a finger hold for withdrawing the panels. In practice the four vertical panels are dropped into their grooves and the lid placed in position. The insects are introduced into the chamber through the hole in the base, counted approximately and the aperture closed by inserting the lower tongued panel. The upper tongued panel is then inserted into the lid. At suitable intervals the upper tongued panel is partially withdrawn and the condition of the insects observed through the celluloid window.
Observations are continued until all the insects are unable to fly or are otherwise immobilised. The aluminium panels may be covered with any surface such as wall paper, paint or plaster board, except that where the material occupies an appreciable thickness, as plaster board does, this can only be mounted upon the four vertical panels, the tongued panels being left untreated. Sprayed panels may be stored under different conditions of weathering and the efficiency of the insecticidal deposits determined after various periods of storage.
Summary.
The construction of a spraying tower for obtaining even deposits of insecticide of known weight is given, and the method of adjustment of this apparatus and procedure adopted during spraying are described.
To determine the weight of deposit obtained with different liquids under various conditions of spraying, a colorimetric method of estimation was adopted. Deposits of dye solution were collected on test-papers disposed at different positions on the area sprayed, the dye dissolved in 50 cc. of solvent and the concentration of dye in this solution measured by means of the Spekker Photo-electric Absorptiometer. By this method estimations of the weight of dye deposited on each test-paper were made to 0-01 mg. with great rapidity. The solutions of dye used in these experiments were 1 per cent, wt./vol. solution of " Oil Golden Yellow 13777 " in petroleum distillate and a 1 per cent, wt./vol. aqueous solution of " Orange 60506 ".
Series of tests were carried out with both the petroleum distillate and the aqueous dye solutions to determine the replication and distribution of deposits obtained with the spraying tower. It was found that the Standard Deviation of the mean weight of deposit per test-paper for the two spray liquids, both from one test to another and between different positions on the area sprayed in any one test, fell between ±0-8 per cent, and ±3-0 per cent, of the mean under the most favourable conditions for spraying.
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The effect of varying the factors governing weight of deposit was studied and from the results certain general conclusions were drawn. Firstly, where the surface to be sprayed is removed from the tower before the mist has completely settled and the time of exposure of the surface to the mist is constant, the weight of deposit varies directly with the degree of atomisation of the liquid sprayed; the smaller the droplet size of the mist the lighter the deposit obtained. Secondly, the droplet size of the mist varies directly with the surface tension of the liquid sprayed and inversely with the energy (the spraying pressure x the spraying time) expended in atomising a given volume of liquid. Thus any factor tending to alter the surface tension of the liquid, the spraying pressure or the spraying time will alter the droplet size of the mist and affect the weight of deposit obtained within the limits defined. Where the mist has settled completely before the sprayed surface is removed from the tower, small variations in droplet size of the mist appear to have no effect on the weight of deposit. With the petroleum distillate spray the amount of energy expended in atomising 5 cc. of the liquid was progressively increased until a point was reached when the weight of deposit remained almost constant even when the amount of energy available was more than doubled. It is suggested that at this point no further reduction of droplet size is possible under the conditions of spraying. Small variations in either spraying time or pressure should have no effect on the weight of deposit obtained where droplet size of the mist is at a minimum.
An important factor governing the rate of evaporation of the spray droplets and hence the weight of deposit is the degree of saturation of the atmosphere within the tower with vapour of the liquid sprayed. This factor was controlled by spraying a sufficient number of priming doses of liquid to bring the vapour pressure within the tower to near saturation point and by adopting a standard interspraying time so that the amount of vapour lost to the outside atmosphere between consecutive sprayings was always the same. In this way it was assured that the same partial pressure of vapour of the liquid to be sprayed obtained within the tower at the commencement of each spraying. At 20°C, one priming dose was found to be necessary for the petroleum distillate spray and five for the aqueous spray.
The effect on the weight of deposit of a rise in temperature from 20° to 30 °C. differed with the petroleum distillate and the aqueous sprays. In the case of the former, the weight of deposit obtained at 30°C. was less than that at 20°C, but with the aqueous spray there was no significant difference at either temperature. A rise in temperature by decreasing the surface tension and viscosity of the liquids sprayed would be expected to cause a reduction in droplet size of the mist. It is suggested that this may be proportionately greater in the case of the petroleum distillate spray than the aqueous spray. Even if this is not so, as the mist from the aqueous dye solution sprayed at 20°C, 25 lb./sq. in. spraying pressure and minimum spraying time, unlike that from the petroleum distillate dye solution, settled within the five minutes for which test-papers were exposed, further reduction in size of the aqueous spray droplets can take place before some of them remain suspended for longer than five minutes and cause a fall in weight of deposit. Thus it would be expected that with a rise in temperature there would be a greater reduction in weight of the deposit from petroleum distillate than from aqueous sprays. It is, therefore, important to control temperature where petroleum distillate sprays are used.
A reduction in the spraying pressure from 25 lb./sq. in. to 22-5 and 20 lb./sq. in. increased the minimum spraying time for 5 cc. of liquid to a different degree for both the petroleum distillate and the aqueous sprays. It was found with the former spray that the weight of deposit varied inversely with the energy (spraying pressure x spraying time) expended in atomisation and that the energy used increased and the weight of deposit fell with decreasing spraying pressure. With the aqueous spray the increase in energy with decreasing spraying pressure was very much less and no fall in weight of deposit was observed : this is evidently due to the fact that at 20 lb./sq. in. the aqueous droplets still settled within five minutes after spraying. Thus, for accurate replication of deposits from petroleum distillate sprays, the spraying pressure should be rigidly controlled, but for aqueous sprays this is not so important.
By exposing test-papers to mists for increasing periods of time after spraying, it was shown that whereas at 20°C, 25 lb./sq. in. and minimum spraying time the mist produced from the aqueous dye solution had settled completely in four minutes, the mist from the petroleum distillate solution was still partially in suspension six minutes after spraying. Thus with a standard time of exposure to the mist of five minutes for both types of spray there is a margin for reduction in droplet size of the aqueous mist without loss in weight of deposit which is not present in the petroleum distillate mist. The weight of deposit from a petroleum distillate mist, therefore, will be sensitive to any factor tending to influence droplet size.
When volumes of liquid from 1 to 8 cc. were sprayed at 20°C, 25 lb./sq. in. and minimum spraying times it was found that the weights of deposit were proportional to the energy (spraying pressure x spraying time) expended during spraying, but that neither the weight of deposit nor the spraying time was proportional to the volume of liquid sprayed. Furthermore, when a volume of liquid greater than 5 cc. is sprayed the increase in deposit with spraying time falls by a constant amount. This is presumed to be due to partial displacement of spray-laden air by the air stream from the atomiser which takes place after 4-5 cc, the amount required to fill the tower with mist, has been sprayed. The disparity between volume of liquid on the one hand and the spraying time and weight of the deposit on the other was due to the gravity feed of the atomiser in which the " head of liquid " standing in the reservoir was not proportional to the volume. This difficulty could be overcome by introducing .a suction feed. Throughout these series a heavier deposit was obtained from the aqueous than from the petroleum distillate spray. This may have been due to a difference in the amount of spray evaporated. It is more probable, however, that given the same amount of evaporation from droplets of both liquids, a higher proportion of the water droplets still remained sufficiently heavy to settle and deposit the non-volatile dye within five minutes of spraying than the petroleum distillate droplets which initially are relatively small.
A restriction of the rate of flow of liquid through the atomiser by closing the needle-valve and reducing the effective aperture of the fluid jet, prolonged the time taken to spray a given volume of liquid and thus increased the amount of energy available for atomisation. This resulted in a reduction in the droplet size of the mist and produced a fall in the weight of deposit. With the petroleum distillate spray, the weight of deposit fell in inverse proportion to the energy expended until a spraying time of about 30 seconds was reached and then remained practically constant although the energy available was more than doubled. It seems, therefore, that there is a limiting droplet size under the conditions of the spraying and that this was reached at 30 seconds spraying time. With the aqueous spray the weight of deposit remained constant as the energy expended increased until the droplets became sufficiently small for some of them to remain in suspension after the testpapers were withdrawn from the tower, whereupon the weight of deposit began to fall, though more slowly than that from the petroleum distillate spray, in inverse proportion to the quantity of energy used. No limiting value for droplet size was reached for the aqueous spray. The rates of fall in weight of the deposits from the two sprays, i.e. the energy needed in each case to produce droplets of given size, were found to be in the same ratio as the surface tensions of the two liquids.
It was concluded that with petroleum distillate sprays delivered at 20°C, 25 lb./sq. in. spraying pressure and minimum spraying time it is necessary to exercise close control over these variables and over all details of spraying procedure if accuracy of replication of deposits is to be achieved. It may be possible, however, to relax use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0007485300024135 these precautions if the sprays are delivered at spraying times above 30 seconds, i.e. with the needle-valve partially closed, when droplet size of the mist is at a minimum. With aqueous sprays delivered at 20°C, 25 lb./sq. in. spraying pressure and minimum spraying time, small variations in spraying conditions do not seem to affect the accuracy of replication or equality of distribution of the deposits.
The spraying tower described was designed to coat panels 20 cm. square with an even deposit of insecticidal material of known weight. These panels can then be built up into a cubical chamber for testing residual deposits of insecticides against such insects as houseflies, mosquitos, cockroaches or bed-bugs. The construction of this chamber and its method of use are described.
